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Abstract
We present gross, net and productive capital stock estimates for
20 industries of the Austrian manufacturing sector based on the per-
petual inventory method for the period 1969-1994. The estimation of
the net capital stocks and the volume index of capital services follows
an integrated method derived from the neoclassical theory of invest-
ment. Based on the estimates we calculate capital intensity and capital
productivity measures for the 20 industries and provide estimates of
capital productivity developments. We find that capital productivity
decreased only for 5 out of the 20 industries. The other industries
showed in part marked increases in both capital and labor productiv-
ity.
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1 Introduction
Capital stock estimates are needed for a range of different problems: Capi-
tal stock measures are needed to estimate potential output, as argument for
production and investment functions and most important of all to analyze
productivity changes (OECD 2001a). Disaggregated estimates of the pro-
ductive capital stock are relevant for the discussion about structural issues
and to study the dynamics of productivity, investment and employment of
capital at a disaggregated level. Thus the first purpose of this paper is to
estimate disaggregated gross, net and productive capital stocks for 20 Aus-
trian manufacturing industries for the period 1969-1994. The periodization
is dictated by data availability constraints, a change in industry classification
makes it impossible to extend the period. For the period under consideration
no published capital stock data are available at this level of disaggregation.
The wealth concept of capital is more widely known and appropriate
for some purposes but it is not the right concept of measuring capital for
productivity analysis. For the latter, a measure of capital services is needed.
The concept of the volume index of capital services answers this need. The
volume index of capital services measures the flow of capital services from
capital assets by aggregating them weighted by its rental price. This concept
is not new. It was used first in the growth accounting study of Jorgenson and
Grilliches (1967) and the theory is presented in detail in Jorgenson (1989).
The present study is the first study to calculate a volume index of capital
services for Austrian manufacturing industries. We calculate the productive
capital stock for three asset types (structures, machinery and vehicles) and
use our estimates to provide novel evidence for the development of labor and
capital productivity in Austrian manufacturing industries 1978-1994.
The paper is organized as follows: The next section presents a short
overview of the methods and issues of capital stock measurement. The per-
petual inventory method and the rationale for the assumption of geometric
depreciation are discussed in some detail. Section 3 presents the data and
assumptions underlying the estimation of the capital stocks. Section four
presents the results of the estimation and provides estimates of capital in-
tensity, capital productivity and some interpretations about technological
development during the period 1978-1994. Concluding remarks close the
paper.
2 Capital stock estimation: methods and issues
In the present study capital is considered as a mean of production. This
concept of capital stock encompasses fixed capital as a set of tangible, re-
producible and durable goods which can be utilized for several periods in
order to produce goods and services (United Nations 1968). Therefore in the
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following intangible assets and natural resources are not taken into account.
The 1993 SNA (Systems of National Accounts) classification includes also
produced intangible fixed assets (e.g. computer software). However, data
on these assets was not available and we therefore excluded intangible fixed
assets from consideration. Inventories are not included in the capital stock
measure, as inventories do not constitute fixed assets. Capital formation
is separated into three rather broad asset types: buildings, machinery and
equipment and vehicles.
There are basically two methods for estimation of the capital stocks:
1. Direct estimation of the stock for a benchmark year based on data
from insurance values, book values or direct data collection;
2. by cumulating historical series on past investment and deducting assets
which are retired or written off.
The second method is also known as the perpetual inventory method (PIM).
The PIM uses estimates of gross domestic fixed capital formation over a long
time period combined with assumptions regarding the length of asset lives
and retirements in a simple model. This method is based on the hypothesis
that, at a certain moment, the capital stock is equal to the cumulated in-
vestments in the past still available as means of production. Compared to
the direct methods cumulative methods are more easily implementable and
comparatively cheap. Most OECD countries make capital stock estimates
based on this method (OECD 2001a). While the gross capital stock may
be derived from surveys, the net capital stock is always calculated using a
variant of the PIM. The consumption of fixed capital must be estimated
in a consistent way. We use the PIM for our gross and net capital stock
estimation.1
The calculation of capital stock estimates according to the perpetual
inventory method requires the following information for the different types
of assets that form the capital stock:
1. Sufficiently long investment time series, valued at constant prices;
2. the knowledge of the expected service lives of capital goods;
3. the knowledge of the distribution of retirements and the knowledge of
the law of depreciation of capital goods.
All the necessary information needs to be available at the same level of
aggregation, since only then it can be combined. The drawbacks of the
perpetual inventory method are well known, see e.g. Ward (1976) and
1Mayes and Young (1994) provide a critical discussion of the PIM and argue in favor
of approaches based on direct estimates.
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Mayes and Young (1994). The largest drawback - beside being an esti-
mation method - is that the use of the perpetual inventory method requires
a variety of assumptions concerning service lives and depreciation patterns
and the treatment of an initial capital stock. For practical purposes the
choice of retirement and depreciation functions is the main problem, which
can have significant impact on the results.
We estimate gross and net capital stocks at constant prices. The gross
capital stock is the value, at a point in time, of assets held by producers
valued at their ’new’ prices regardless of their actual age and condition.
There is no adjustment for wear and tear, in other words the value of the
assets is not adjusted to account for accumulated depreciation. The gross
capital stock is the conventional starting point for calculating consumption
of fixed capital and the net capital stock. It is widely used as indicator of
the productive capacity and to calculate capital-output ratios, measures of
profitability and potential output. The net capital stock is the value at a
point in time of the assets at the price of new assets less the cumulative
value of consumption of fixed capital accrued to this time. It is an estimate
of the market value of fixed assets. For tracking of the development of fixed
capital over longer time periods net capital stocks are required.
The consumption of fixed capital is in general terms the decline during
a specified period of time of the current value of the capital stock as a result
of physical deterioration. In general terms the basic model of the PIM is the
following: The gross capital stock, GKt as measure of all capital in existence
is compiled as
GKt = GKt−1 + It −Rt (1)
where It is investment made at time t and Rt is the retirement of capi-
tal. With reference to a homogeneous group of investment goods, the gross
capital stock can also be expressed as:
GKt =
t∑
i=t−Lmax
s(i, t)Ii (2)
where Ii is investment made at time i, Lmax is the maximum service life of
an asset and s(i, t) the survival function, that is, the weights that reflect the
fraction of investments made at time t− i that are still in use at time t. The
survival rate of investments must satisfy the following conditions:
(i) s(i, t) = 1 for t− Lmin < i;
(ii) s(i+ 1, t) ≥ s(i, t) for every i;
(iii) s(i, t) = 0 for i ≤ t− Lmax;
where Lmin indicates the minimum period of capital good utilization. If
t− Lmax is smaller than the data available an estimate of an initial capital
stock and its age profile is needed (Ward 1976, OECD 2001a).
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The net capital stock accounts also for economic depreciation (loss of
value). Economic depreciation is defined as the decline in the present value
between the beginning and the end of the accounting period. If markets for
(used) capital assets were perfect, the net capital stock would be a measure
for the present value of future capital services. The net capital stock is
compiled as
NKt = NKt−1 + It − Ωt (3)
where NKt is the net capital stock at the end of year t, It is investment
made at time t, and Ωt the depreciation during year t. With reference to a
homogeneous group of investment goods, the net capital stock can also be
expressed as:
NKt =
t∑
i=t−Lmax
ω(i, t)Ii, (4)
where Lmax is the maximum service life of the asset and ω(i, t) a function
taking in account both the survival of the asset and economic depreciation
(in a narrow sense) attached to each period’s investment. Thus, w(i, t) is
depreciation in a wider sense, ω(i, t) = s(i, t) ∗ d(i, t), where s(i, t) is the
survival function, and d(i, t) a function expressing economic depreciation.
ω(i, t) must satisfy the same basic conditions as s(i, t) and can take on
a number of alternative forms, including straight-line depreciation, double
declining balance and geometric decay. The net capital stock is often used in
the productivity literature (e.g. (Hall 1990)), even if it is contended that the
net capital stock does not measure the services provided by capital goods
(Jorgenson 1995). Therefore, we present estimates of the volume index of
capital services, which provide an estimate of capital services.
2.1 The assumption of a geometric depreciation
Regarding depreciation we follow the methodology adopted in 1997 by the
United States Bureau of Economic Analysis (BEA) for estimating net capital
stocks. The methodology is based on geometric depreciation rates and does
not use the concept of a retirement pattern separate form depreciation.
In the BEA-type methodology rates of depreciation are derived from
studies of actual price-age profiles of used assets. These studies showed that
depreciation is close to geometric for a number of assets (e.g. Hulten and
Wykoff (1981), Fraumeni (1997) provides a survey).2 The BEA calculates
net capital stocks from a detailed division of assets. Therefore the BEA
depreciation patterns cannot be used for other countries, as there is seldom
enough information on the assets. For example, for Austria no investment
2Fraumeni (1997) presents the estimates of retirement and associated depreciation
weights used by the BEA for a variety of assets. Katz and Shelby (1997) provide estimates
of the US capital stock covering the period 1929-95.
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data according to such detailed asset classes is available. Fortunately, Tim-
mer and O’Mahony (2003) provide industry depreciation rates which were
derived using the industry by asset type depreciation rates for the US com-
bined with industry by asset type investment. The use of these depreciation
rates for Austria is associated with the assumptions that depreciation rates
for specific assets are equal to those in the US, and that the sectoral capital
composition is equal. Timmer and O’Mahony (2003) note that it is difficult
to devise a workable alternative since there is little reliable information on
depreciation outside the US.
There is some controversy regarding the definition of depreciation and
deterioration (OECD 2001a, p. 32). Hill (1999) differentiates between the
”productivity school’s” concept of deterioration which defines deterioration
in a cross-sectional way as the difference between the values of different
vintages at the same point in time, and the Systems of National Accounts
definition of depreciation which is inter-temporal and defines depreciation as
the change in value of the same asset at two different points in time. Triplett
(1996, p. 103) remarks that ”these are not mere semantic differences [...]
they are conceptual distinctions that arise because the production function
use of capital and the economic accounts use are different purposes”.
The measure of capital services used for productivity analysis should be
an estimate of the contribution of capital to production. Ideally this would
be a quantity index. The productive capital stock concept captures the
current quantity of capital services. It is based on age-efficiency patterns
which account for the loss of productive capacity of capital goods as they
age. In the national (production) accounts the capital stock is a measure
of wealth, as such it is used to measure income. The wealth capital stock
is best based on age-price profiles which capture price changes of capital
assets as they age. Depreciation in the cross-sectional interpretation is the
right measure for productivity analysis, while the inter-temporal concept is
appropriate for the production and capital accounts of the system of national
accounts which measure wealth.3
Age-efficiency patterns and age-price profiles do not coincide in general.
Age-efficiency patterns measure deterioration that is the loss of capital ser-
vices potential for the next period of production, while age-price patterns
measure the reduction of total stock of services embodied in a capital good.
For age-price profiles a geometric depreciation pattern seems intuitive. The
reduction in efficiency is usually expected to follow a hyperbolic reduction.
And indeed, in the United States the Bureau of Labor Statistics (BLS) pro-
duces estimates of the value index of capital services based on hyperbolic
patterns of decay, the Australian Bureau of Statistics follows a similar ap-
proach (OECD 2001a). However, Oulton and O’Mahony (1994) argue that
3Triplett (1996) provides a comprehensive account on the differences between the two
concepts of wealth and productive capital stock.
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the rise in efficiency of new assets leads in the aggregate to a pattern of
geometrically declining deterioration, even if the physical deterioration for
single plant and machinery items follows a different pattern. Even if every
single asset depreciates as an on-hoss shay, the group as a whole experiences
near-geometric depreciation, because of a composition effect and pre-mature
scrapping (Hulten and Wykoff (Hulten and Wykoff 1996, p. 18)). The stud-
ies of Hulten and Wyckoff (1981) have shown that if – for a given vintage –
capital goods are retired at different dates, the average efficiency decline fol-
lows a geometric pattern. When different capital goods are lumped together
the geometric depreciation rate gives a good approximation to the true de-
terioration rate. Moreover, Hulten and Wykoff found that a constant rate
of depreciation can serve as a reasonable statistical approximation to the
underlying Box-Cox rates even though the latter are not geometric’ (1981,
p. 387). This shows that the assumption of a geometric depreciation is well
supported as a rule of thumb by studies of second hand asset prices.
More important, with the use of geometric depreciation it can be shown,
though the two concepts are different, that the two rates are equal. In
this case the rate of deterioration equals the rate of depreciation (Jorgenson
1996). The proof is based on the fact that the asset price equals the present
value of the future stream of rentals. If deterioration is geometric then
the rental price of an asset of age t is (1 − d)t times the price of a new
asset in the same period. The corresponding asset prices must stand in the
same ratio to each other.4 This indicates that our disaggregated net capital
stock is both a measure of wealth when aggregated by asset price and a
measure of capital services, when aggregated by the rental price. In the
US geometric depreciation has been adopted for calculating capital stocks
and consumption of fixed capital in the national accounts (Fraumeni 1997,
Herman 2000).
3 Data and Assumptions
3.1 Data
For the period under report (1969 to 1994) Statistik Austria provides annual
nominal gross investment data aggregated according to the 2-digit Fachver-
bandsgliederung5 and further subdivided into the categories machinery &
equipment, vehicles and buildings. The calculations are performed on this
level of aggregation. The investment figures for buildings include transac-
tion costs. For the period 1969-1975 no separate time series for machinery
and vehicles were available. Therefore we disaggregated the aggregated se-
ries into series of machinery and vehicles, based on the ratio of investment
4See appendix C for a formal proof.
5The Fachverbandsgliederung is an institutional industry classification by the Austrian
chambers of commerce. It is similar but not identical to to the 2 digit Sic code
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into machinery to vehicles for 1976-1986.
The nominal figures were brought to constant levels by using appropri-
ate deflators. The deflators were calculated on the basis of industry-wide
nominal and real investment data series from the ISIS-database. The de-
flators are not industry-specific. The data appendix provides details. Our
calculations are expressed in 1983 prices. Since the service lives of buildings
are much longer than the time span covered by the investment time series,
we need an initial capital stock. The initial gross capital stock is taken from
Hahn (1983).
The data on tax rates, tax credits, commercial interest rate and the de-
preciation rates for tax purposes necessary to construct the time series for
user costs of capital were obtained from Serguei Kaniovski from WIFO, who
used these data to estimate user cost of capital for the Austrian manufac-
turing sector (Kaniovski 2002).
3.2 Gross Capital Stock
The gross capital stock is a measure in its own right and we detail our es-
timation method and the crucial assumptions. The crucial assumption in
estimating the gross capital stock concerns maximum and mean service lives
of the fixed assets and the choice of the survival function. A number of dif-
ferent assumptions about the retirement pattern can be made: Simultaneous
retirement of assets at average service lives, a constant proportion retired
each year for a range of years, a symmetric approximately normal distrib-
ution of retirements around the average or a skewed distribution (Weibull,
Lognormal, etc.) around the average. We use a delayed linear survival
function which assumes that the capital goods are retired during a period
between 80% and 120% of the mean service life. The same pattern is used
in the UK (Jacob, Sharma, and Grabowski 1997). The assumed survival
function s(i, t) is equal to
s(i, t) =

1 : 0 ≤ t− i ≤ 0.8Ld
(t−i)−1.2Ld
0.4Ld
: 0.8Ld < t− i ≤ 1.2Ld
0 : 1.2Ld < t− i,
Where t is time, i is the time when the investment was made, and Ld is
the average service life of the capital good. Figure 1 presents the assumed
mortality and survival functions. The average service lives of buildings,
machinery equipment and vehicles at industry level were taken from Schenk
and Fink (1976). Table 1 presents the assumed service lives. As there
is much discussion on the appropriate service lives, and there is evidence
that the service lives declined during the period studied (see (Mayes and
Young 1994) we decided to use also shortened service lives. Mayes and
Young (1994, p. 86) report that in the UK the average service lives where
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reduced to three-quarters of the previous levels following studies of company
accounts. In one of those studies, Wadhwani and Wall (1986) provided
evidence by using a sample of 333 companies in UK manufacturing that the
disparity lies in between of 10 to 35 per cent over a ten year period for the
period of interest.6
As the implied service lives from the BEA are well below the service lives
by Schenk and Fink, we shortened the average service lives for structures to
three-quarter and machinery to the values reported in column 5 in table 1.
Table 1 presents both the service lives used by Schenk and Fink (1976) and
our preferred average service lives. On the basis of the two sets of service
lives we calculated gross capital stocks which were used to study the impact
of the assumptions on service lives on gross capital stock developments.
Figure 1: Delayed linear mortality and survival functions
(a) mortality pattern (b) survival pattern
mortality rate survival rate
Lmintime timeLmaxLdLmin LmaxLd
1
0
1/(Lmax-Lmin)
Table 1: Average service lives by industry
id Structures modified Equipment & Machinery modified Vehicles
1 40 30 20 17 9
2 40 30 18 16 9
3 40 30 18 16 9
4 40 30 15 14 9
5 40 30 18 16 9
6 40 30 20 17 9
7 40 30 15 14 9
10 40 30 15 14 9
11 40 30 22 18 9
12 40 30 20 17 9
13 40 30 15 14 9
14 40 30 20 17 9
15 40 30 24 18 9
16 40 30 20 17 9
17 40 30 18 16 9
18 40 30 20 17 9
19 40 30 20 17 9
20 40 30 18 16 9
21 40 30 15 14 9
140 40 30 20 17 9
Source: (Schenk and Fink 1976) and our assumptions
Costa and Marangoni (1995) show that the choice of a specific survival
function does not have a big impact on the final outcome. It is the assump-
tion of service lives which determines the final outcome (see also Bo¨hm et al.
6Note however that Oulton and Srinivasan (2003) found no tendency for the aggregate
depreciation rate to rise from 1980 onward.
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(2002) for a discussion). In their study of the estimation of a disaggregated
gross capital stock for Italy they used three different survival functions, a
simultaneous exit function, a linear survival function and the logistical DIW
survival function. They conclude that differences in outcomes between the
three estimations are marginal. With the DIW survival function the value
of the gross capital stock is 0.17 percent below and with the linear survival
function 0.41 percent below the estimation result from a simultaneous exit
survival function.
Figure 2: Variation in the vintage structure of initial capital stock:
Total capital stock
40
00
0
11
00
00
1970 1975 1980 1985 1990 1995
years
basis old 
young 
Chemical Industries
40
00
0
80
00
0
1970 1975 1980 1985 1990 1995
years
basis old 
young 
Food Industries
15
00
0
30
00
0
1970 1975 1980 1985 1990 1995
years
basis old 
young 
Mining Industries
30
00
00
80
00
00
1970 1975 1980 1985 1990 1995
years
basis old 
young 
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The estimation of the initial capital stock, which consists of accumulated
past investments, presents substantial problems because of its unknown vin-
tage and composition structure. In this paper the initial capital stock is
assumed to be culminated in equal shares in the previous periods. The ini-
tial gross capital stock in 1969 is taken from Hahn (1983). Because of its
aggregated nature the initial gross capital stocks had to be split up into
the three capital categories at industry level. We used the end values of
the calculated net capital stocks without initial capital stock to obtain the
estimates.7 The assumption that the investment shares of the capital cate-
gories have not changed significantly over time is strong. We acknowledge a
possible bias.
We assume that the initial gross capital stock is built up in identical
shares in the year before 1969. We calculated retirements and retired the
initial capital stock in the three asset classes according to these retirements.
Starting from the initial gross capital stock we calculated the gross capital
stocks of the following periods by using the delayed linear survival function.
7The gross capital without the initial capital stock cannot be used, as its use would
lead to an underestimation of vehicles and an overestimation of structures.
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The two gross capital stock estimates are displayed in table 8 and 9 in the
appendix. The results are discussed in more detail in section 4.
We experimented with different assumptions regard the age of the initial
capital stock. The baseline scenario is one where the average age of the
capital stock for structures is 20.5 years. Figure 2 shows the difference for the
aggregate gross capital stock and three selected industries when the average
age of structures is reduced to 16,5 years or increased to 24,5 years. As
figure 2 suggests, there is not much difference, although some industries that
experienced low investment show more pronounced differences. However, the
differences are decreasing over time. Overall the data confirms the conjecture
that the age of the initial capital stock is not a crucial determinant of the
development of the gross capital stock in the medium run.
3.3 Net Capital Stock
The depreciation rates at industry level for the three capital stock categories
are taken from Timmer and O‘Mahony (2003) and listed in table 2. By us-
ing these depreciation rates we assume that there is no important difference
concerning the composition of capital stock between Austria and the US and
that the deterioration between Austrian and American capital goods would
be the same within the same industry. As this assumption is quite strong
and the service lives reported by Schenk and Fink (Schenk and Fink 1976)
were based on empirical assessments we decided to alter depreciation rates
for machinery equipment for four industries. For these industries a com-
parison of the implied service lives reported by Timmer and O’Mahony was
considerably different from the average service lives reported by Schenk and
Fink (1976). The average service lives from Schenk and Fink (1976) for ma-
chinery concerning the mining, food and metal industry except steel are the
longest whereas the corresponding hypothetical average service lives from
Timmer and O‘Mahony are one of the shortest among the studied indus-
tries. Therefore the depreciation rate for equipment machinery was lowered
for three industries in order to increase the hypothetical average service
lives. For the clothing industry it was the other way round. Our modified
depreciation rates for machinery & equipment are reported in column 3 in
table 2.
The calculation of depreciation is considerably simplified by the assump-
tion of a geometric depreciation pattern. As we assume that ω(i, t) is con-
stant and equal to δ, depreciation is equal to Ωt = δNKt−1 and equation
(4) reduces to
NKt = It + (1− δ)NKt−1. (5)
While the calculation of the capital stock is straightforward, the treat-
ment of initial net capital stock poses a severe problem. The problem can be
11
Table 2: Geometric BEA-type Depreciation rates by industry
id Equipment Machinery Our Modification Structures Vehicles
1 0.1382 0.1211 0.04 0.1945
2 0.1211 0.0327 0.1527
3 0.1137 0.0334 0.1976
4 0.1137 0.0334 0.1976
5 0.1125 0.0334 0.186
6 0.1047 0.0334 0.1513
7 0.1178 0.0344 0.1979
10 0.1125 0.0327 0.1856
11 0.1107 0.106 0.0331 0.1908
12 0.1134 0.0343 0.189
13 0.1134 0.0343 0.189
14 0.1103 0.0331 0.1709
15 0.1128 0.106 0.0334 0.1845
16 0.1133 0.0338 0.179
17 0.1127 0.0337 0.1736
18 0.1159 0.0338 0.1947
19 0.1123 0.0335 0.1703
20 0.106 0.034 0.1755
21 0.106 0.1107 0.034 0.1755
140 0.1103 0.0331 0.1709
Source: Timmer and O’Mahony (2003)
illustrated by the following equation which shows that the difference between
the gross and the net capital stock derives from economic depreciation:
GKt −NKt = GK0 −NK0 +
t∑
i=1
(Ωi −Ri)
= GK0 −NK0 +
t∑
i=1
Ωi −Ri
Ωi
Ωi.
Since in the BEA-method the retirement Ri is not detailed, we needed a
different method to estimate the initial net capital stock. To determine the
initial net capital stock we adopt the method used by Hahn and Schmoranz
(1984) - also used by Bo¨hm et al. (2002) - to estimate the ratio of net to
gross capital stock. The method is based on the Almon model (Hahn and
Schmoranz 1984) where the gross capital stock consists of hidden reserves
and the net capital stock. In this model it can be shown that under the
assumption of a constant growth rate in the limit the ratio of the net capital
stock to the ‘hidden reserves’ converges to r+ss , where r denotes the average
12
growth rate of total gross investment and s the corresponding average de-
preciation rate. We use our gross capital stock to determine the net capitals
stock to gross capital stock ratio. The unknown initial net capital stock can
be calculated following Hahn and Schmoranz (1984) as
NK0 =
r + s
r + 2s
GK0,
whereNK0 is the initial net capital stock, GK0 the initial gross capital stock,
r the average growth rate of the gross capital stock between 1958-1968 taken
from Schenk and Fink (1976), and s the average weighted depreciation rate.
The average weighted depreciation rate at industry level is calculated on
the basis of the geometric depreciation rates that are weighted according to
the average annual investment in the three asset categories for the period
1969-1974.8 Table 3 presents the estimated relationships between the initial
net capital stocks and the initial gross capital stocks at industry level. Bo¨hm
et al. estimated for all industries an average net-gross ratio of about 66%
for the real initial private net capital stock. Our estimates are quite similar.
Table 3: Initial Net-Gross Capital Stock Ratios
id 1 2 3 4 5
58.16% 66.40% 71.64% 62.62% 69.61%
id 6 7 10 11 12
62.18% 63.63% 66.62% 68.05% 70.93%
id 13 14 15 16 17
64.72% 53.20% 60.89% 74.89% 71.11%
id 18 19 20 21 140
64.62% 75.11% 57.62% 68.68% 57.03%
The initial capital stock was disaggregated into the three asset categories.
For the disaggregation procedure we assumed that the net capital stock
was accumulated during the last 40 years.9 We calculated the net capital
stock based on the assumption that a uniform yearly gross investment was
8The average weighted depreciation rate can be determined alternatively by using an
equation derived from the Almon Model (Hahn and Schmoranz 1984).
s =
2
Ld
.
Where Ld is the average service life. The differences between the two methods concerning
the calculated value of the average depreciation rates are small. The resulting initial net
capital stock values differ less than 5 percent.
9Given the second world war this assumption is not realistic, but can be defended on
the basis that some structures remained in place and needed only to be renovated while
others needed to be built up from scratch
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undertaken in the previous years. This gross investment was divided into
the three asset classes according to the assumption that investment into
the initial capital was proportional to the average investment in those asset
classes between 1969 and 1974.
Figure 3 shows the different developments of the net capital stock for
alternative depreciation rates for machinery. The alternative scenarios are
indicated as years of average service lives for machinery. The gap between
the basis scenario and the alternative scenarios is increasing with time. This
confirms that the assumptions on depreciation rates and service lives are
crucial.
Figure 3: Variation in the depreciation rates for machinery for se-
lected industries
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Figure 4 shows the influence of the initial net capital stock on the net
capital stock development if the initial net capital stock estimates are 5
percent below or above the basis value. The two net capital stocks with their
different initial net capital stocks converge steadily to the basis estimate over
the time. We conclude that a variation in the value of the initial net capital
stock has therefore only a temporary effect. A possible error associated with
the initial capital stock is reduced with time.
3.4 The volume index of capital services
For purposes of productivity measurement it is now generally accepted that
it is the value of the capital services produced by the asset that matters and
not the value of the asset itself. The construction of capital services is based
on the economic theory of production. The concept relates back to the work
of Jorgenson and Griliches (1967) and is used extensively in the productivity
literature (e.g. (Jorgenson, Gollop, and Fraumeni 1987, Jorgenson 1995,
14
Figure 4: Variations in initial net capital stocks for selected indus-
tries
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OECD 2001b, Oulton and Srinivasan 2003). Capital goods purchased or
rented by firms are seen as repositories of capital services that constitute
the input in the production process. As capital goods are usually owned by
owners no market transaction is recorded when the capital good provides its
services. The main difference between a wealth capital stock and the volume
index of capital services is the aggregation of the various capital goods. In
the aggregation of wealth capital stocks each capital good is weighted by
the corresponding asset price. In a volume index of capital services, capital
goods are weighted by their price multiplied with their rental price. Rental
prices are the prices the user would have to pay to hire the asset. The
volume index of capital services gives more weight than a wealth measure
to assets for which the rental price is high in relation to the asset price.
Jorgenson and Griliches (1967) developed capital service measures that take
into account the heterogeneity of assets. They defined the flow of quantities
of capital services individually for each type of asset, and then applied asset-
specific user cost shares as weights to aggregate across the different types of
assets. As user cost shares reflect the relative marginal productivity of the
assets, user costs as weights provide a means to incorporate differences in
the productive contribution of heterogeneous capital assets into an overall
measure of capital input.
A customary and theoretically recommended index number formula to
construct a volume index of capital services is the To¨rnqvist index that
applies average user cost weights to each assets rate of change in capital
services. Our construction of a To¨rnqvist index of capital services follows
closely the exposition by Jorgensen, Gollop and Fraumeni (Jorgenson, Gol-
lop, and Fraumeni 1987). The basis are our net capital stock estimates.
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Capital services (CSt) are proportional to the average net capital stock
available during period t, that is CSt =
NKt+NKt−1
2 . Capital Services need
to be aggregated over different asset types. Following (Jorgenson, Gollop,
and Fraumeni 1987) it is assumed that aggregated services are a translog
function of the services from the individual assets and that the flow of ser-
vices is proportional to its stock. The To¨rnqvist index (lnKt − lnKt−1) is
weighted by the average shares of each component in the value of property
compensation:
lnKt − lnKt−1 =
∑
k
vk(lnCSkt − lnCSkt−1).
The weights are given by vk = 12 [c
k
t + c
k
t−1] with
ckt =
pktNK
k
t∑
k p
k
tNK
k
t
where pkt is the rental price of capital services from asset type k. The
rental prices are derived from the equilibrium condition where an investor
is indifferent between two alternatives: Earning a nominal rate of return r
on a different investment q or buying one unit of capital, collecting a rental
p and then selling the depreciated asset (1 − δ)p in the next period. The
equilibrium condition can be rearranged to yield the cost-of-capital equation:
pkt = q
k
t−1rt + δ
k
t q
k
t − (qkt − qkt−1)(1− δk) (6)
where r is the rate of return, p the rental fee and qk the acquisition price of
investment good k. The asset revaluation term is derived from the invest-
ment price indices, and the rate of depreciation from the rate used in the
construction of the capital stock estimates. The assumptions behind this
calculation are stringent, (i) perfectly competitive markets, (ii) the nomi-
nal rate of return is the same for all assets in an industry, and it leads to
the implicit assumption that the rates of return are equalized across indus-
tries. For calculating the rental prices (or user costs of capital) we took into
account the tax rate and tax credits.10 Equation (6) changes to
pkt = (
1− TCt − ttdst
1− tt )[q
k
t−1rt + δ
k
t q
k
t − (qkt − qkt−1)(1− δk)],
where TCt is the tax credit, tt is the average tax rate and dst is the depre-
ciation rate for tax purposes. Note that δ is the economic depreciation rate
that is also a measure of the effects of ageing on the efficiency of the asset.
As rate of return we used the market interest rate, data for profit income is
not available for the industries under consideration. The user costs are quite
close to those estimated by Serguei Kaniovski (2002) for the Austrian man-
ufacturing sector. Table 11 reports the estimated volume indices of capital
services for the industries.
10We wish to thank Serguei Kaniovski of WIFO for providing this data.
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4 Results and discussion
Tables 8, 9, 10 and 11 detail our estimation results for the gross, the mod-
ified gross, the net capital stock and for the capital services at constant
prices, respectively. We compared our two gross capital stocks with the
estimates provided by Hahn (1983) and the capital stocks available from
the WIFO-database for the period 1969 to 1981. Table 4 provides the dif-
ferences in terms of growth rates. Our basis estimates, are except for the
industries 14, 17 and 21, not too far from the estimates by Hahn (1983) and
the estimates provided by WIFO. Since our estimation results are for some
industries lower, for some higher and lie for the rest of them between the two
compared estimations by WIFO and Hahn (1983), we conclude that there is
no systematic error in our capital stock calculations. The differences most
likely relate to differences in the estimates and the composition of the initial
capital stock. Not surprisingly, the growth rate of our modified gross capi-
tal stock is, apart from three exceptions, always considerably lower than the
corresponding growth rates from WIFO and Hahn (1983). Three industries,
leather manufacturing, foundries and clothing show negative gross capital
growth. In this context our modified gross capital stock can be considered
as a conservative estimate.
Table 4: Comparing Gross Capital Stock Growth 1969-1981
Industry WIFO Hahn Our BK Our BK-Modif Diff(BK) Diff(BK-Modif)
1+140 0.55 0.46 0.33 0.15 lower lower
2 1.03 0.85 1.15 1.06 higher higher
3 0.62 0.48 0.39 0.20 lower lower
4 1.06 1.01 1.04 0.93 average lower
5 0.86 0.82 0.71 0.56 lower lower
6 0.65 0.68 0.67 0.54 average lower
7 0.27 0.39 0.23 0.11 lower lower
10 1.19 1.73 0.82 0.64 lower lower
11 0.45 0.51 0.38 0.22 lower lower
12 0.02 0.05 0.08 -0.11 higher lower
13 0.42 0.55 0.45 0.33 average lower
14 0.40 0.41 0.13 -0.02 lower lower
15 0.37 0.32 0.24 0.04 lower lower
16 0.85 1.13 0.90 0.78 average lower
17 0.94 1.30 2.17 2.08 higher higher
18 0.88 0.53 0.82 0.67 average average
19 1.40 1.45 1.27 1.17 lower lower
20 0.17 0.11 0.10 -0.04 lower lower
21 0.59 0.50 0.25 0.08 lower lower
We do not provide comparison of estimates of net capital stocks and
capital services as no comparable data are available.
Figure 5 shows the relationship between the two gross and the net cap-
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Figure 5: Comparison between gross capital stock and net capital
stock development
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ital stock developments for three industries and the overall manufacturing
sector. The net capital stock to gross capital stock ratio in 1969 and 1994
remains almost constant for mining, whereas for the other three it becomes
larger. This development patterns result from the fact that new investment
in structures are depreciated in the calculation of the net measure but no
retirement shows up in the gross capital stock. A similar case holds for
machinery, although the relevant period is shorter. This implies that for
industries which experienced high investments in buildings and machinery
the gap between the gross and net capital stock will increase during the
period under consideration. The impact of our reduced average service lives
is clearly visible when the two capital stocks are compared. The gross cap-
ital stock with shorter service lives for machinery and structures diverges
increasingly from the gross capital stock with the original service lives.
Figure 6 presents the net capital stock and the capital services develop-
ment. As in other studies, see e.g. (OECD 2001, p 58 and 60), the growth of
capital services surpasses net capital stock growth for all studied industries.
The influence of the different aggregation method is clearly visible.
5 Single factor productivity in Austrian Manufac-
turing, 1978-1994
Let us now use the volume index of capital services to study capital pro-
ductivity developments in Austrian manufacturing. Usually capital stocks
are utilized to derive capital productivity estimates. However, the volume
index of capital services is the appropriate measure of the contribution of
18
Figure 6: Comparison between net capital stock and capital services
development
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capital to the production process.
We use gross production in order to measure productivity, as it is the
appropriate measure for studying productivity growth (Basu and Fernald
1997). The measure of capital productivity is obtained by dividing the
quantity gross output index by the volume index of capital services.
Technical change is often thought to increase labor productivity and to
decrease capital productivity. The Marxian hypothesis of the fall of the rate
of profit depicts technical change as outcome of the conflict of labor and
capital over value added and argues that there is a systematic tendency to-
wards labor-saving and capital-using patterns (Marquetti 2003). We want to
look at the patterns of technical change in order to judge whether technical
change in Austrian Manufacturing is labor saving and capital using.
In a production function perspective technical change is associated with
the process and consequences of shifts in the production function due to the
adoption of new techniques. New techniques can have a neutral effect on the
production process or change the input-output relationship. Neutrality can
be measured by its effect on (see e.g. Nadiri (1982)[p. 444]): (a) capital-
output ratio (Harrod-neutrality), (b) capital-labor ratio (Hicks-neutrality),
and (c) labor-output ratio (Solow-neutrality). Jorgenson et. al. (1987)
by adopting a translog production function find that nearly every possible
combination is observable for US industries for the period 1948-1979.11
Here we adopt a perspective based on a Leontief production function.
This has the advantage that we can study capital-augmenting, labor-augmenting
and factor-augmenting technical change in a very simple way. For the Leon-
11They consider also the bias for the use of intermediates.
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Figure 7: Average annual growth rates for labor and capital pro-
ductivity in percent 1978-1994.
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tief production function, which has only one technique, the growth rates in
capital and labor productivity are equal to the parameters of factor augmen-
tation (Foley and Michl 1999, Nadiri 1982). In order to obtain a neoclassi-
cal picture we would need to introduce also the degree of substitutability of
capital and labor. This indicates that our productivity changes give an indi-
cation of the direction of technological change if and only if the production
function is Leontief.12
Figure 7 displays two scatter diagrams of labor productivity and capital
productivity growth rates for the Austrian industries over the period 1978-
1994. In the left one capital productivity is based on capital services, and
in the right one capital productivity is based on the gross capital stock. We
see immediately that estimates based on gross capital stock show a much
lower growth rate of capital productivity. Since the growth rate of the
gross capital stock is higher than the growth rate of capital services for all
industries, capital productivity growth based on the gross capital stock is
lower for all. 13 Industries display a Marxian bias, up from 5 in the left
12For capital and labor the bias can also be computed for a neoclassical production
function. Let us consider a two-factor production function
y = f(αLL,αKK)
where αL and αK are the factor-augmentation parameters, and L and K are labor and
capital inputs, then the direction of technical change depends on αL
αk
. The bias is defined
in a general way as
B =

dαL
αL
− dαK
αK

1− 1
σ

.
However, as we do not have estimates for the elasticity of substitution (σ) this avenue is
not pursued further.
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Figure 8: Average annual changes in capital-labor ratio and capital
output ratio in percent, 1978-1994.
1
2
3
4
5
6
7
10
11
12
13
14
15
16
17
18
19
2021
140
1
2
3
4
5
6
Ca
pi
ta
l−
La
bo
ur
 R
at
io
−4 −2 0 2
Capital−Output Ratio
fi
graphic. As gross capital stock growth exceeds the growth rate of capital
services based on net capital stocks, this leads to an underestimation of
capital productivity growth (see also Schreyer and Pilat (2001)).
The evidence based on capital services shows that there is no general ten-
dency towards a Marx-bias in technological change, on the contrary most of
the industries experienced increases in capital productivity. Only 5 indus-
tries display an average negative growth rate of capital productivity, which
would fit the pattern of a Marxian bias. Harrod-neutral technical change
seems to characterize the textile industry (id 20), it displays a positive labor
productivity growth and the capital-output ratio is constant. As figure 8
shows all industries experienced increases in the capital labor ratios, thus
all industries were characterized by Hicks-labor-saving technical change. In
general the growth rate for the labor productivity is much higher than for
the capital productivity.
Figure 8 presents the growth rates of the capital labor ratio and the
capital output ratio. The 5 industries that experienced negative capital
productivity growth display a positive growth rate of the capital-output
ratio. This figure shows the different development in the capital-labor ratios,
which are all positive but the growth rates were very different. For instance,
the wood processing industry (id 10) is determined by an average annual
capital labor ratio growth of only 1.3 % while the corresponding value for
the transport equipment industry (id 17) is 6.2 % and therefore almost four
times as high.
Table 5 presents average growth rates for gross production value (GPV),
employment, hours worked, capital-labor ratio (CLR), capital-output ratio
(COR), the two capital productivities and the labor productivity in percent
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Table 5: Average annual changes in % in Austrian manufacturing
1978-1994
id GPV Employment Hours CLR COR CapProd(GK) CapProd LabProd
1 -2.971 -6.899 -9.339 5.709 -0.977 -0.377 0.977 6.686
2 -2.895 -3.232 -5.130 3.001 0.554 -3.860 -0.554 2.448
3 -1.268 -1.477 -2.187 2.187 1.353 -2.640 -1.353 0.833
4 3.293 0.032 -0.470 5.304 1.563 -2.858 -1.563 3.741
5 5.935 -1.404 -2.480 4.124 -4.475 2.956 4.475 8.599
6 4.470 -2.211 -2.880 6.100 -1.216 -0.384 1.216 7.316
7 4.634 -0.327 -0.929 2.741 -2.614 1.772 2.614 5.354
10 2.647 -0.496 -0.678 1.385 -2.155 1.140 2.155 3.539
11 3.070 -1.513 -1.694 2.740 -2.078 0.409 2.078 4.818
12 -2.551 -2.729 -2.519 2.477 2.242 -2.888 -2.242 0.235
13 -0.441 -5.640 -6.331 5.358 -0.593 -1.128 0.593 5.950
14 2.552 -2.615 -2.829 3.278 -1.751 0.911 1.751 5.030
15 2.115 -3.462 -3.750 4.181 -1.483 0.132 1.483 5.664
16 2.431 -0.262 -0.736 1.555 -1.726 -0.383 1.726 3.281
17 4.418 -0.480 -0.988 6.267 0.791 -2.547 -0.791 5.476
18 3.753 -1.796 -1.712 3.874 -1.459 -0.249 1.459 5.334
19 5.129 -0.179 -1.112 4.513 -1.857 -0.232 1.857 6.370
20 -0.666 -4.344 -4.941 4.318 -0.001 -0.735 0.001 4.319
21 1.285 -4.791 -5.071 4.347 -1.850 0.476 1.850 6.197
140 0.105 -5.867 -5.766 3.091 -2.359 -0.386 2.359 5.451
for 1978 - 1994. Inspection of the table shows that there is no uniform
tendency in Austrian manufacturing. Overall, the growth rate of labor pro-
ductivity was high, but the growth rate in capital productivity shows a
more differentiated pattern. No clear relationship can be identified. For
example, chemicals (id 5) display above average labor and capital produc-
tivity growth, whereas the transport equipment (id 17) experienced a rather
high labor but a negative capital productivity growth. The development
of the petroleum industry (id 2) was determined by low labor and a nega-
tive capital productivity growth, while the wood processing industry (id 10)
showed a low labor but a high capital productivity growth. This suggests
that tendencies of productivity growth are constraint by the sector-specific
possibilities to innovate. Interesting in this respect is to note that there
seems to be no systematic relationship between the change in the capital-
labor ratio and the change in capital productivity. Stone and ceramics (id
3) show a low capital-labor ratio and a negative capital productivity growth,
while the wood processing industry (id 10) has also a low capital-labor ra-
tio growth but experienced high capital productivity growth. On the other
side transport equipment (id 17) experienced the highest capital-labor ratio
growth and a negative capital productivity increase, whereas paper man-
ufacturing (id 6) which experienced an almost as high capital-labor ratio
growth rate, displays a positive capital productivity development. These
differences are also marked within industry grouping (capital goods, inter-
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mediate goods and consumer goods), they are almost as large within them
as between them. Other clusterings based on the initial levels of capital
stocks and various growth rates did not provide more insights.
6 Concluding remarks
We estimated gross and net capital stocks as well as volume indices of capital
services for the Austrian manufacturing industries. The net capital stocks
and the volume indices of capital services were estimated by using an in-
tegrated framework of estimation that is both theoretically and empirically
consistent. The framework used is based on the assumption of geometric
rates of depreciation and deterioration.
Our main finding - beside the presentation of novel estimates of capital
stocks - is that the level of wealth is more sensitive to variations in depreci-
ation rates and to variations in service lives than to assumptions concerning
the initial capital stock.
We calculated volume indices of capital services and used them in our
single factor productivity analysis. We showed that use of gross capital
stock measures would underestimate the gains in capital productivity dra-
matically.
By using the volume index of capital services we were unable to observe a
systematic bias of technical change which is labor-saving and capital-using.
On the contrary, we found that most Austrian manufacturing industries
show patterns of capital-saving and labor-saving technical change. We were
not able to uncover a strong relationship between changes in the capital-
labor ratio and capital productivity. Moreover, the patterns of technical
change as depicted by changes in single factor productivities are strongly
industry-specific.
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A Data Appendix
1. Investment data
(a) Investment data 1969-1975 for equipment machinery, and structures
taken from ISIS Database: Series T7R
Explicit investment data for vehicles are not available within this pe-
riod because they are included in the equipment machinery investments.
Therefore nominal vehicle investment had to be estimated by calculat-
ing the average vehicle investment share among the equipment machin-
ery investment for the period from 1976-1984 and multiplying this share
with the nominal equipment machinery investment values for 1969-1975.
(b) Investment data 1976-1994 for equipment machinery, structures and
vehicles taken from ISIS Database: Series M8P
2. Deflators
(a) The deflators for equipment machinery structures and vehicles were
obtained by dividing nominal gross investments through real gross in-
vestment for each capital good. Both investment data series for the
manufacturing industries as a whole were taken from ISIS Database:
Nominal gross investment: series K8Y, real gross investment: series
W5W.
(b) Deflator for Output. As the Austrian statistical office does not provide
data on real production values or specific output-deflators, the index of
physical production and nominal production values were used to cal-
culate the desired industry-specific deflators. The current value of pro-
duction for the quantity produced in 1995 for each year was calculated
by multiplying the nominal production with the index of production
(100 = 1995). Then industry-specific output-deflators are obtained by
dividing the current value of the quantity produced in 1995 by the
nominal production value in 1995.
3. Labor Productivity: Statistic Austria
4. Gross output:
5. Employment data: Taken from WIFO Database: Series ABIA.
6. Hours worked. Statistik Austria does not provide data on hours worked
for the industries. However they provide an index of productivity per hour
worked. From this index an index of hours worked can be obtained with the
help of the index of physical production. As real labor productivity per hour
is defined as α = YH , where Y is real output and H is total hours, total hours
can be obtained by H = Yα , where Y is now the index of production. In a
similar fashion also hours per worker can be obtained.
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Table 6: List of industries
id Industry(English) Industry(German)
1 Mining Bergwerke
2 Petroleum Erdl
3 Stone-Ceramics Stein-Keramik
4 Glass Glas
5 Chemical Chemie
6 Paper Manufacturing Papiererzeugung
7 Paper Processing Papierverarbeitung
10 Wood Processing Holzverarbeitung
11 Food-Tobacco Nahrungs-Genussmittel
12 Leather Manufacturing Ledererzeugung
13 Leather Processing Lederverarbeitung
14 Foundries Giesserei
15 Metal Except Steel NE-Metall
16 Machinery-Steel Maschinen-Stahlbau
17 Transport Equipment Fahrzeug
18 Iron-Metal Products Eisen-Metall
19 Electrical Equipment Elektronik
20 Textile Textil
21 Clothing Bekleidung
140 Iron Manufacturing Eisenhtten
Table 7: Data sources
Variable Source
Investment ISIS Database (Statistik Austria)
Deflators WIFO Database
Labor productivity ISIS Database (Statistik Austria)
Hours worked derived as explained in A
Employment growth ISIS Database (Statistik Austria)
Gross production value ISIS Database (Statistik Austria)
B Depreciation and the assumption of a geometric
depreciation patterns
Here we want to check whether the geometric depreciation rate provides
a reasonable approximation to other patterns of decay. Let us assume a
hyperbolic decay function of
φt =
Lmax − age
Lmax − s(age)
where age is the age of the asset and 0 ≥ age ≤ Lmax, Lmax is the maximum
service life of the asset, and s a parameter which can vary from −∞ to 1.
If s = 1 the pattern is simultaneous exit.
Figure 9 displays alternative assumptions on the efficiency profile of an
asset with Ld = 15. For the hyperbolic decay functions it is assumed that
Lmax = Ld, for the linear version it is assumed that the decay is linear for
20 years but retirement delayed linear around Ld.
The geometric depreciation pattern follows a declining balance rate where
the depreciation rate is determined as
δ =
1.65
Ld
.
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The experiment we conducted was which implicit ”steady-state” geometric
depreciation rates would obtain for the different decay functions when a fixed
amount is invested yearly. In the steady state it holds that NKt = NKt−1.
From NKt = NKt−1(1 − δ) + It when investment is normalized to 1, it
follows that
δ =
1
NK
.
The geometric decay rate is 11 percent. For the hyperbolic decay function
with s = 0 we obtain an implicit geometric depreciation rate of 0.125 percent,
for s = 0.5 0.103 percent and for s = 0.8 0.090 percent. For the linear version
with delayed linear exit we obtain 0.106 percent. We conclude that only for
a very fast decay or a very slow decay patterns the geometric depreciation
rate based on the declining balance of 1.65 is an unreasonable assumption.
Figure 9: Alternative Decay Functions for an Asset with a Service
Life of 15 years
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C Proof that geometric depreciation implies geo-
metric deterioration and vice versa
The price of a investment goods pI reflects the marginal cost of producing
another investment good, while the price pK (”user cost”) reflects the value
of the marginal product of that good. The investors will want to purchase
investment goods up to the point that the cost of the last good acquired is
just equal to the present value of the future user costs. Therefore, the price
of new a asset at the end of a period t is
pIt,0 =
T∑
i=0
(
pKt+i,i
(1 + r)i+1
)
. (7)
We assumed that the discount rate is constant. The price of an asset of
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age s at the same time is:
pIt,s =
T∑
i=0
(
pKt+i,s+i
(1 + r)i+1
)
. (8)
The relationship between the rental prices is:
pKt,s
pKt,0
=
∂f(.)
∂It−s
∂f(.)
∂It−0
, (9)
where f(.) is production function with heterogenous capital goods. The
relationship between the asset prices is given by dividing (8) by (7)
pIt,s
pIt,0
=
∑T
i=0
[(
∂f(.)
∂Is+i
/∂f(.)∂Ii
)
pKt+i,i(1 + r)
i+1
]
∑T
i=0
[
pKt+i,i(1 + r)i+1
]
If deterioration is geometric, then ∂f(.)∂It−s /
∂f(.)
∂It−0 = (1− d)s. The decay factor
depends only on the differences in ages, not on absolute ages. The ratio of
asset prices is therefore equal to
pIt,s
pIt,0
= (1− d)s.
Hence the depreciation rate is geometric and equal the rate of deterioration
d, as
pIt,s
pIt,0
= (1− δ)s. The converse is also true, as easily can be checked.
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